The present study examined 
Introduction
The importance of the quantity and quality of schoolchildren's diets for their functioning and development is largely unexplored. In Western countries, poor diets frequently supply an excess of calories, lipids, and, sometimes, protein, while, in developing countries, they supply too few calories and are often missing important minerals and vitamins. Additionally, children in developing countries may have had insufficient caloric intakes and poor quality diets since conception so that they must overcome the effects of their earlier malnutrition. In a booklet recently published under the auspices of the World Bank and United Nations Educational, Scientific, and Cultural Organization (UNESCO), the authors [1] write that while "under-nutrition is widespread among schoolchildren (particularly in South Asia and Africa), there is much debate about whether schoolchildren can catch up in their physical growth or in their mental capacity. These authors go on to state that "school feeding, particularly breakfasts or morning snacks, can help hungry children stay attentive, but the high cost of such programs demands a high degree of targeting and additional research to improve their impact on under-nutrition." The aim of this paper is to examine the effects of a school breakfast program on the activity level, emotional state, and social interactions of a group of Kenyan schoolchildren on the playground. The research described in this paper is part of a long-term program devoted to identifying the influence of improved diet quality and quantity on children's cognitive, social and physical development.
This research program was begun in the 1980s with a set of parallel, longitudinal studies-the Human Nutrition Collaborative Research Support Program (NCRSP)-carried out in Kenya, Egypt, and Mexico to examine the associations between children's food S203 intake and their level of functioning and development. The sites of the studies were chosen to focus on mild to moderate malnutrition because so much of the previous research had been concerned with severe malnutrition, particularly in infancy and early childhood [2] [3] [4] . The results of the NCRSP studies showed that there were differential associations between food quantity (energy intakes) and food quality and schoolchildren's development and behavior [5, 6] , with the marker for food quality being the extent of animal source food in the children's diets. Because animal source food was so limited in the diets of the children in these countries, children could have adequate intake of energy but very poor intake of minerals such as iron and zinc in bioavailable form.
Among the schoolchildren in Kenya, those who were better fed, in terms of both energy and animal source food, had higher cognitive scores [5] and were more active and happy and showed more leadership behavior on the playground than did less well-fed schoolchildren [7] . The associations between nutrient intake and child skills and behaviors persisted even when family socioeconomic status (SES), parental literacy, and duration of schooling were co-varied. Using hierarchical regressions, there appeared to be differential effects of energy and food quality on cognitive abilities and behaviors (7) . The cognitive abilities of the school-age children were more highly associated with the level of intake of animal source food than with overall energy intake. This pattern was opposite to that found for activity level, positive emotion, and leadership on the playground, where food quantity seemed more important than diet quality. These results suggested that children can maintain their social activities if they have an adequate level of energy but that cognitive skill acquisition requires adequate diet quality as well.
The present study improves on our previous research by employing an experimental approach with random assignment of children to differential nutrition interventions. This mitigates the effects of confounding variables and facilitates differentiation of the benefits of food quantity versus food quality. The study was implemented in the community in rural Kenya where the earlier naturalistic study had been conducted. This offered enormous advantages such as the availability of experienced individuals already trained in the cognitive assessments and observations to be utilized, and knowledge that the measures to be used were appropriate for the children in the community and had established reliability and validity.
The topic of this paper is the differential effect of nutrition interventions on children's behaviors and physical activity in the school playground. Playground behavior is important for several reasons. First, observations of playground behavior measure the adequacy of the children's level of arousal and behavioral regulation as these are expressed in social interactions. Such behaviors are sensitive to fluctuations in nutrition and health in ways that are not true for more stable behaviors. For example, activity level declined during a food shortage in this community while there were no changes in cognitive performance [8] . Secondly, the school playground is a milieu in which one can measure the frequency and nature of peer interactions during unstructured play. These interactions reflect and, in turn, may affect children's social capacities.
Based on the previous results of our naturalistic study, we hypothesized that children supplemented with a better quality snack (one including animal source food) would perform better on cognitive measures than children supplemented with an equivalent amount of energy from plant source foods [9] . Additionally, we hypothesized that children supplemented with meat or milk would out-perform a group of children receiving no supplementation. We expected that meat supplementation would be particularly efficacious because the children in this community have very low intakes of iron, zinc, and vitamin B 12 and high rates of anemia [10] . The evidence that children receiving meat supplementation had significantly higher rate of increase in scores on the Raven's Progressive Matrices than all the other children supported the hypothesis that food quality is important for cognitive development [9] . In addition, children supplemented either with meat or calories outperformed children in both the milk and control groups on tests of arithmetic ability [9] . The poor performance of the group supplemented with githeri (a traditional vegetable stew consisting of beans, corn, and greens) plus milk is not surprising given the different micronutrient contents of milk and meat. There were no group differences on measures of verbal comprehension.
In summary, based on our previous findings, we expected that, in contrast to the control group, supplemented children would show more episodes of high activity, fewer episodes of low activity, and more positive affect, leadership, and social initiations. We did not expect the group provided with meat or milk to have any particular advantage over the other supplemented group.
Subjects and methods

Description of the study area
The study area lies 120 miles northeast of Nairobi and approximately 30 km northeast of the town of Embu. The homes, or shambas, have no electricity. Relatively few of these shambas have access to a piped water system. The Embu district consists of mostly subsistence agriculture and some cash crops, primarily coffee, cotton and tobacco. Families own little or no livestock and rely on their own food production to feed them-S204 selves. Githeri, a vegetable stew made of maize, beans, vegetable oil and some greens, is the staple food of the region. There are about 2,600 households in the study area, with an average of six people per household. Most of the individuals living here are members of the Embu tribe and speak Kiembu.
Children in Kenya commence schooling in Standard 1 (equivalent to US Grade 1) when they are about 7-8 years old. The school year starts in January and is in session for 3-month terms with breaks lasting 1 month between each term. Breaks from school occur in April, August, and December. Children in Standards 1 and 2 are in school from 8:00 a.m. to 1:00 p.m. and are given a 30-minute playground break at roughly 10:30 a.m. Children in Standard 3 are in school from 8:00 a.m. to 4:00 p.m. and are given a 1-hour lunch break. Prior to this study, the children rarely ate at school since there were no feeding programs in place or meals brought to the school by the schoolchildren.
Study design and supplemental diet
The Office of Science and Technology of Kenya approved the overall study. The UCLA Institutional Review Board, the Ethics Committee of the University of Nairobi, and the Ministries of Health and Education in Kenya reviewed and approved all protocol developed and used for this study. Verbal community consent, parental consent, and child assent were obtained prior to the initiation of the study. Based on their size and location, 12 out of 18 schools were included in the study. As a prerequisite for inclusion, schools needed between 15 and 90 children in their Standard 1 classrooms in the first year of the study (1998), and had to be accessible by vehicles traveling on the dirt roads in the rainy season. Of the 12 schools in the study, one had three Standard 1 classrooms, two had two Standard 1 classrooms, and nine had one Standard 1 classroom. Baseline assessments for all of the children in participating schools were performed between May and July, 1998 (see "Measures and procedures" section).
Upon completion of the baseline assessments, schools were randomized into one of four feeding interventions. The Meat condition supplemented children with githeri plus meat; the Milk condition supgitheri plus meat; the Milk condition supgitheri plemented children with githeri plus milk; the Energy condition supplemented children only with githeri; and the Control condition did not supplement children at all. For the Meat intervention, finely ground beef (10% fat) from a highly reputable commercial supplier was added to the githeri. Grinding the meat guaranteed that it was evenly distributed throughout the dish. The Milk intervention group received whole cow's milk ultra heat-treated (UHT) to prevent spoilage in addition to the basic githeri. The Energy intervention received the basic githeri with retinol-fortified vegetable oil to equalize the number of calories with the other feeding interventions. In the first year of supplementation, all groups except for the control group were given 240 kcal to maintain energy equivalent across groups. In the second year, the amount of the supplement was increased to 313 kcal to match the greater food needs of the growing children. A more detailed description of the supplements is presented in table 1.
The 12 schools were randomly assigned so that three schools were in each feeding group. The children in these schools remained in their respective feeding group throughout the study, from December 2000 until the end of the Standard 3 school year. Randomization was somewhat constrained in that the schools with more than one Standard 1 classroom could not be randomized to the same feeding condition. We began providing supplemental food mid-morning to the nine intervention schools in the fall term of 1998. The feeding was scheduled for a time of the day that would not replace breakfast or lunch in order to ensure that the snack would supplement the child's diet.
Designation of a centrally located kitchen was integral to proper food preparation and timely delivery of the meal to each school. A staff of two supervisor cook/nutritionists and 10 assistants prepared the meals in individually sealed bowls from Sunday through Thursday. Each of these bowls had a number corresponding to each child. A feeding assistant was present at every school to observe and supervise the school feeding, take attendance, and weigh and record any food not consumed. This procedure continued for a total of seven school terms, or 21 months, through the Standard 2 and Standard 3 school years for this cohort of children. 
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Participants
A total of 540 Standard 1 children were enrolled into the study at baseline (May-July 1998) and had at least one playground observation measurement. After randomization of schools into treatment conditions, 126 children were assigned to the Meat condition, 143 children were assigned to the Milk condition, 130 children were assigned to the Energy condition, and 141 children were assigned to the Control condition. Midway through the study, 18 children transferred to a different school and thus a different treatment group, 14 children (8 from the Milk condition and 6 from the Meat condition) refused the assigned diet, and 3 children died (2 with severe malaria and the other of cirrhosis of the liver). The data for several children who did not stay in the study for the full seven terms of feeding were kept in the analysis up until they stopped receiving supplementation.
Measures and procedures
We took multiple child and family measures of participants in this study. Most were repeated several times over the course of the study but a few were assessed only once. The frequency with which each measure was taken is described below along with a description of each measure.
Child measures
Playground Observations. Playground observations were carried out on all children at baseline and terms 1, 2, 4, and 6 of feeding. Children were observed during the morning recess on their school playgrounds in unstructured, social interactions with peers. The behavioral observations used in this study were adapted from those used in our previous study and focused on activity level, emotional state, and social interactions with peers. In our previous study, rates of high and low activity were associated with nutrition intakes with better fed children showing more high activity and less low activity than less well-fed children. Based on these findings, we hypothesized that, in the current study, supplemented children would show more high activity and less low activity than did non-supplemented children.
In the previous study, we measured the rates of the following different emotional states: positive, anxious, angry, and sad. Positive emotions were observed during the vast majority of playground observations whereas anger, sadness, and anxiety were observed very infrequently. Moreover, positive affect was associated with energy intake. For this reason, we hypothesized that, in the current study, supplemented children would show more positive affect than non-supplemented children.
Finally, four different forms of peer interaction were observed and recorded in the previous naturalistic study: ongoing peer involvement, leadership behavior, solitary play, and aggression. In that study, children were engaged with peers about half the time and solitary play was also very common whereas leadership and aggressive behaviors were infrequently observed. The results showed that only leadership behavior was associated with food intake. Children who had higher energy intakes manifested more leadership behavior on the playground. Based on this finding from the previous study, we hypothesized that supplemented children would demonstrate more leadership behavior than non-supplemented children. Although there were no associations between food intake and other forms of peer interaction in the previous study, the extent to which supplementation affected ongoing peer involvement, solitary play, and aggression, as well as the rate of social initiations, was examined in the current study.
As in the previous study, observations were conducted by using a sampling procedure with 30 seconds of observation time followed by 30 seconds of recording time. Each child was observed for a minimum of 20 minutes, and observation duration ranged from 20-30 minutes at each term.
Predominant activity level for each 30 seconds of observation was recorded as low, medium, or high. The extent to which the children showed high or low activity was of interest in this study. The extent of medium activity was also coded in order to have an activity level coding for each period.
The child's predominant emotional state was recorded as positive, negative, or neutral. We expected from the previous study that children would primarily show positive affect rather than negative or neutral affect, and this expectation was confirmed. Because there was so little negative or neutral affect, these codes were not used in analyses.
The peer interaction coding differs from the activity level and emotion coding in that individual behaviors were observed and recorded rather than predominant states. Moreover, the peer interaction behaviors are not mutually exclusive so several kinds of peer interaction could occur in the same time period. The same behaviors were coded as in the previous study-ongoing peer involvement, leadership, solitary play, and aggression. In addition, one new behavior, initiation of social interactions with peers, was observed and coded. Any or all of these five behaviors could be recorded during each 30-second interval. The rate of each coded behavior was then calculated for each child.
The observations were carried out by a team of 12 individuals specifically trained by two of the authors (M. Sigman and S. Whaley). Observers were assigned to different playgrounds over time. The observers were generally not naïve about the assignment of schools to conditions because it was impossible to conduct these observations with naïve observers. Observers Diet quality and activities of Kenyan children S206 needed to know the children, the school setting, and the language in order to carry out the observations and, even if strangers could have been hired, they would have become aware of the food condition after a few days. Videotaping was impossible in a setting in which there is no electricity so that it is difficult to maintain even battery operated video cameras. Moreover, video cameras and unfamiliar observers are so rare in the study area that the children's typical play patterns would have been disrupted by their use. We attempted to guard against observer bias by using fine-grained observational codes. In addition, the observers were not familiar with the hypotheses of the study.
Throughout the period of observation, reliability sessions were interspersed, such that two observers watched the same child on the playground and independently scored the child's behaviors. Reliability data were available for 384 observations sessions, for 15% of the sample. The mean intra-class correlation was .95 (range = .91 to .99) for the nine variables coded.
Anthropometry. Twelve enumerators trained in anthropometry procedures weighed the children every month and measured their height every 4 months. Working in teams of two, they measured the children at school during school hours, or at home in the case of absenteeism. Intra-team and inter-team measurement error was monitored by independently repeating all measurements during the same session in a random sample of 5% for weight/intra-team (n = 418), 5% for weight/inter-team (n = 373), 2% for height/intra-team (n = 165), and 3% for height/inter-team (n = 255). The mean technical error, expressed as a standard deviation (SD = √Σ mean technical error, expressed as a standard devia-√Σ mean technical error, expressed as a standard deviad 2 /2n, where d = the difference between paired measurements and n = the number of paired measurement) was 127 g for weight/intra-team, 109 g for weight/inter-team, 0.11 cm for height/intra-team, and 0.30 cm for height/inter-team.
Consumption of the supplemental food. We hired classroom aides to help monitor the children as they ate to be sure that no sharing or spilling of food occurred. If children missed a day of school, their food portion for that day was sent back to the kitchen. All food or milk that the children did not consume was sealed in their bowl or cup and weighed in the kitchen. With the exception of the 14 children who refused the diet midstudy, children usually ate the food provided to them. Children in the meat, milk, and energy groups consumed 76%, 80%, and 77% of the supplement served, respectively over the entire course of the study.
Family measures
Maternal literacy. Maternal reading and writing skills were assessed during the first year of the study on 490 (91%) of the mothers of study children. Local Kiembu textbooks were used to select passages for both the reading and writing tests. These passages reflected grade levels of difficulty. Based on the mother's language preference, tests were administered in either Kiembu (92.9%) or English (7.1%) by one of six local testers trained in cognitive assessment. The reading test was administered by having the adult read passages out loud and respond orally to comprehension questions. Writing passages were dictated twice. A grade level score for both the reading and writing test was calculated based on the highest level passed by the mother. Two testers simultaneously scored the responses of 83 mothers (15.1%), and identical scores were obtained in all instances.
SES. SES of all families was assessed at baseline. Enumerators administered a survey to the mother and father of all study participants regarding the number and types of possessions owned by the family, years of education completed by both parents, family income, the extent of involvement in community organizations, leadership positions and the use of banks, the post office and telephones. A summary SES score was then calculated for each family based on all variables.
Results
Baseline characteristics of the sample
Analyses were conducted to determine whether the treatment groups differed at baseline in terms of demographic variables consisting of child age, gender, and height; maternal reading and writing grade equivalent; and family SES. Table 2 presents means and standard deviations of these baseline demographic factors and shows that there were no significant differences between treatment groups at baseline. For the group as a whole, children's heights and weights reflected significant stunting and underweight. Twenty-three percent of the boys and 15.5% of the girls were stunted (height-for-age z-scores at or below -2 SD). Approximately 30% of the children (30.2% of boys and 30.6% of girls) were moderately to severely underweight (weight-for-age z-scores at or below -1 SD).
Comparisons of playground variables using oneway ANOVA, with school as a random effect, revealed a significant difference at baseline between groups only in the percentage of time that the children were engaged in low activity level play, p < .004. There were no significant differences between treatment groups at baseline in any other behavioral measure. Thus, the randomization of schools to treatment conditions was largely successful in obtaining comparability across groups.
Data analysis
This study is a four-condition design with three schools randomized to each condition. Five longitudinal measurements were taken for each child enrolled in these S207 schools. Hierarchical linear random effects models and associated methods [11, 12] were used to examine the effects of treatment group on changes in playground activity and behavior over time. A random intercept and slope (RIAS) model, which naturally accommodates between-children variation in initial status and in slope, was used to analyze the longitudinal measurements. Restricted maximum likelihood methods as implemented in SAS PROC MIXED (SAS Institute, Inc. (1999) SAS 8.0 SAS Institute, Inc., Cary, NC) were used to obtain estimates, standard errors and contrasts and to test their statistical significance. SAS PROC MIXED was used to analyze the following eight outcomes: high activity, low activity, positive emotion, leadership, initiates, ongoing peer interaction, solitary play, and aggression. Log2 transformations on each of these outcomes were used in the analysis. The fractions of medium activity, positive emotion and ongoing behavior were close to 1 so Log2 transformations on (1-fraction) for these 3 variables were used. However, the slopes are presented so that positive scores represent increases in behaviors and negative scores represent decreases in behavior.
The models included time and treatment by time, as well as sex and baseline age, as predictors. Child height, maternal reading and writing literacy, and family SES were also examined separately as covariates. For each of the outcomes combined with each covariate, the mixed model includes the following fixed effects: year, year-by-treatment interaction, sex, age at baseline, covariates, and year-by-covariate interaction. The random effects are intercept and slope for all children nested within school effects.
Frequency of playground behaviors
The distribution of activity levels, emotional states, and rates of peer interaction are quite similar to those observed 12 years ago, although the rates cannot be compared directly across the two studies because of differences in data collection methods. As found previously in the naturalistic study, children's activity levels were predominantly in the medium range ( fig. 1) . The predominant emotion displayed on the playground was positive affect ( fig. 2) and the children's rates of ongoing peer involvement were quite high ( fig. 3) . The rates of leadership behavior and aggression continued to be low. Initial analyses investigated the presence of trends over time. Hypotheses about trends over time were difficult to generate based on previous information, as we did not examine changes over time in our last study. In that study, children who had attended school for longer durations were less solitary and showed less low activity behavior on the school playground. For this reason, we hypothesized that there would be a decline in rates of low activity and solitary behavior over time. We had no hypotheses regarding trends over time for the remaining variables. The analyses showed significant declines in the percentages of high and low activity and a significant increase in the percentage of medium activity over time (table 3) . There were also significant increases in positive emotion and ongoing peer involvement over time and significant decreases in leadership, initiative, aggression, and solitary behavior over time.
The impact of intervention on child behavioral outcomes
Using the analyses described previously, longitudinal growth curves were calculated for all children on each of the eight playground behaviors across the five time points at which playground behaviors were observed. The overall results are tabulated in table 4. As this table shows, when the significant covariates were considered, there were reliable treatment effects for high activity, low activity, leadership, initiative, and solitary play but not for positive emotion, ongoing peer involvement, or aggression. Thus, the current results mirror those from the previous naturalistic study and support our hypotheses. The only predicted effect that did not occur was that supplemented children did not show more positive emotion than non-supplemented groups.
In contrast, the data did not support our hypothesis that food quantity rather than food quality would have the major impact on playground behaviors. To confirm our hypothesis about food quantity rather than food quality, the pattern of results should show the slope of the children in the Control condition as differing from the three other groups with no significant differences between the slopes of the three supplemented groups. 
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Alternatively, if food quality were more important, then the slope of the Meat group should differ from the slopes of both the Energy and Control groups with no differences between the slopes of the Energy and Control group. If the slopes of the Meat group differed from the other slopes and the slopes of the Energy and Control groups differed, this pattern of results would suggest that both food quantity and quality were important. (For simplicity sake, we will leave out the data from the milk group for the time being.) The comparison of slopes for the four groups (table 5) is shown without adjustments for significant covariates because the group differences are identical with or without adjustments. For both leadership and initiating behaviors, the pattern of results supports the importance of both food quantity and quality (figs. 4 and 5). There is less of a decline in leadership and initiative in the Meat condition than in any other condition and less of a decline in the Energy condition than in the Control condition. Thus, all the supplemented children show more leadership and initiate more interactions but this is particularly true for the children in the Meat condition. The only significant difference in low activity ( low activity ( low activity fig. 6 ) is between the meat-fed groups and the other groups, again pointing out the importance of food quality.
Only the results for the rates of high activity ( high activity ( high activity fig. 7 ) support the hypothesized importance of food quantity in that the Control group showed more of a decline in high activity than was true for the supplemented groups, and the slopes of the Meat and the Energy groups did not differ significantly. However, even here, the meat-fed group shows the smallest decline in high activity compared with the other three groups.
Discussion
The results of this study show that both the quality of children's diets and the energy that their diets provide influence the activities of children on the school playground. Children who were fed mid-morning were more active and showed more leadership and social initiation behaviors than did children who were not provided with this mid-morning nutrition snack. However, the quality of the extra nutrition was also important in regulating the children's activities. Children who were provided with meat as part of their morning nutrition remained more active and maintained greater social initiative over time than children provided with snacks that provided equal levels of energy but less protein, iron, and zinc.
The snack including milk did not have the same advantages as the snack including meat. Children who were fed githeri and milk were no more active or involved than children who were fed githeri alone, although both supplemented groups were more active 
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and initiating than the non-supplemented group. The children fed githeri and milk did not differ from the non-supplemented group in terms of leadership behavior. As can be seen from table 1, the snack composed of githeri and milk provided less protein, iron, and zinc than did the snack composed of githeri and meat. Thus, the pattern of behaviors shown by the milk-fed group suggests that the addition of protein, iron, and zinc to the diet has the highest impact on the children's behaviors.
It is clear that children's behaviors on the school playground were influenced by other factors than just their current nutrition. The examination of covariates demonstrated that previous nutrition as reflected in the children's height was associated with many of the children's behaviors. However, even when height was covaried, current nutrition supplementation had an effect on playground behavior. These findings and the demonstrated effects of food quality on some of the cognitive tests [9] address the issues raised in the World Bank/UNESCO booklet discussed at the start of this paper. In this project, children provided with high quality diets were more cognitively able, physically active, and social initiating than children provided with lower quality diets regardless of their earlier levels of undernutrition.
The behavioral variables that seem most susceptible to the influence of nutrition intervention are physical activity, leadership, and initiative. In this study, "leadership" was defined as behavior that involved beginning or maintaining an organized group activity. "Initiates" was defined as behavior beginning any kind of social involvement, whether between a pair of children or a larger group. The evidence is that leadership and initiating were increased in groups that were provided with good quality diets while ongoing social involvement was not. This evidence suggests that active initiation and organization of social activities depend on good nutrition while passive social involvement may not require such high levels of nutrition quality.
In this study, the effects on behavior are demonstrated on playgrounds in which all the children have been equivalently supplemented. This raises the issue whether supplementing just some of the children in Diet quality and activities of Kenyan children S212 a classroom would have the overall impact of supplementing all of them. Although this question cannot be addressed in the current study, our previous findings of associations between nutrition intakes and the same behaviors suggests that even supplementing some of the children in a particular classroom would influence their activities.
This study has a number of weaknesses. First, as discussed earlier, it was impossible to do blind observations in this community. However, the results of the current study are strengthened in that they replicate our previous findings in the same community that nutrition intakes were related to activity level and leadership behavior observed by individuals who were naïve as to the children's usual diets. Secondly, we cannot assume that maintaining high activity, leadership, and social initiative is necessarily a positive step in this culture without follow-up information as to how these behaviors predict future development. We do know that malnourished children are often apathetic and underactive and that high activity and leadership behavior characterizes children from more advantaged families in this community. The effects of improving the quantity and quality of children's diets need to be examined much more broadly around the world.
